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Abstract
Integrated photonic devices have gained increasing
research interests. Especially silicon photonics have
become very attractive for various optical applica-
tions.Usingsilicon-on-insulatorasamaterialplatform
provides theability to fabricatephotonicdeviceswith
electronicdevicesonasinglechip.Drivenbysubstan-
tial research investments, the integration of photonic
devices on silicon-on-insulator substrates has reached
a degree of maturity that already permits industri-
al adoption.However, siliconhas the disadvantage of
linearelectro-opticaleffects,and,therefore,advanced
modulation formatsaredifficult to realizewhenusing
silicon-based high-speed modulators. Hence, a new
approach was proposed: the silicon-organic hybrid
technology.Thistechnologyisaviableextensionofthe
silicon-on-insulatormaterial system for efficient high-
speedmodulation.Weherewithpresentourtheoretical
and experimental investigations of the silicon-organic
hybrid slot-waveguide ring resonator. The advanced
device design is described in detail, which allows us-
ing both, the efficient silicon-on-insulator strip-wave-
guidesand the silicon-organichybrid slot-waveguides
insingleringresonator.Forthefirsttime,wereportthe
transmissionspectraof sucha resonatorcoveredwith
anelectro-opticalpolymer.
Zusammenfassung
Integrierte photonische Bauelemente werden in der
Forschung immer bedeutender. Besonders die Silizium-
photonik ist für verschiedene optische Anwendungen
sehrattraktiv.DieVerwendungvonSilizium-auf-Isolator-
Materialsystemen bietet die Möglichkeit, photonische
Bauelementemit elektronischenGerätenauf einemein-
zelnenChipzuentwickeln.DurcherheblicheForschungs-
investitionen hat die photonische Integration auf Silizi-
um-auf-Isolator-Substraten einen Reifegrad, der bereits
Industriemaßstäben genügt. Jedoch hat Silizium keinen
linearenelektrooptischenEffektunddamitsindmoderne
Modulationsformate nur schwierig zu realisieren.Daher
wird seit eingen Jahren ein neuer Ansatz, die Silizium-
Organik Hybridtechnologie, verfolgt. Diese Technologie
isteinetragfähigeAusdehnungdesSilizium-auf-Isolator-
MaterialsystemsfüreineeffizienteHochgeschwindigkeits-
modulationundoptische Signalverarbeitung. Indiesem
Artikelpräsentierenwirunsere theoretischenundexpe-
rimentellen Untersuchungen zu einem Silizium-Organik
Hybrid Ringresonator. Das Design und die Herstellung
desneuartigennanophotonischenBauelementswerden
im Detail beschrieben. Der demonstrierte Ringresona-
torkombiniertdieVorteilezweierverschiedenerWellen-
leiterarten in einem einzelnen Ring, dem verlustarmen
Kanal-WellenleiterunddemSilizium-organischenHybrid-
schlitzwellenleiter.WirdemonstrierenerstmalseinTrans-
missionsspektrumeines solchenRingresonators,dermit
einemelektro-optischenPolymerbeschichtetist.
1.Introduction
Siliconphotonicsallowsastrongop-
tical confinement of light, due to its
high indexcontrastwithmostmate-
rials, which permits the integration
of complex systems with compact
footprints.Inaddition,itscompatibil-
ity with a complementary metal-ox-
ide-semiconductor (CMOS) process
makesthistechnologyattractivefrom
thecommercialpointofview.
Current electro-optic (EO) modula-
torsarebasedonsemiconductorslike
siliconor indiumphosphide and the
fundamentalspeedlimitationsarere-
latedtocarrierinjectionandremoval.
Therefore, parametric processes are
impairedbynon-parametricprocess-
es like two-photon absorption and
becomethemainspeed-limiting fac-
tor.Additionally, siliconhasa lackof
linearEOcoefficients.
During the last decade, a different
approach,basedonsiliconslot-wave-
guides, has been proposed and ex-
perimentallydemonstratedtobesuit-
ableasopticalphaseshifterusingthe
linearEOeffect(Almeidaetal.2004).
Slot-waveguides enable a high field
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confinementinanarrowregionanda
highoverlapbetweentheopticaland
the electrical field. Infiltration of the
interioroftheslotwaveguidewithan
EOorganicmaterialallowstheuseof
thePockelseffect.Asaconsequence,
various devices like Mach-Zehnder
interferometers and micro-ring reso-
nators have beendevelopedusing a
slot-waveguidephaseshifter(Kornet
al.2014).
The major advantage of slot-wave-
guides is the fact that the guided
light isconfined inbetweentwosili-
con rails. For this reason, the light is
forced to interact directly with the
surroundingmaterial.Thereason for
thishighconfinementinbetweenthe
siliconrailsisthelargeindexcontrast
ofthehighindexsiliconandthelow
indexsurroundingmaterial.Atthein-
terface, the normal electric field un-
dergoes a large discontinuity,which
results inafieldenhancement in the
low index regionwith a ratio of the
dielectricconstantofthesurrounding
material to thatof silicon.Adetailed
cross-sectionalviewisdepictedinfig-
ure1andinmoredetailinfigure2.
The so-called silicon-organic hybrid
(SOH) technology is using organic
materials, which have exceptional
high linear EO coefficients as sur-
rounding material. Slot-waveguides
are thekeyelement inorder to inte-
grateorganicmaterialsinsiliconpho-
tonics.Becausetheorganicmaterials
offerhigh linearEOcoefficients,one
can generate advanced modulation
formats(Alloattietal.2014).Therea-
son for this is that organic materials 
have a less free-carrier dispersion,
which normally leads to an intrinsic
couplingofamplitudeandphase.
Inthefollowingsections,wedescribe
the design, fabrication and optical
characterization of a SOH ring reso-
nator,whichisapromisingcandidate
for future EO modulators using the
linearEOeffect.
2.DeviceFabrication 
Inthissection,wedescribethedesign
and the fabrication of an integrated
ring resonator based on our work
published in Steglich et al. (2015a).
Thedevicewasdesignedat theUni-
versity of Applied Sciences, Wildau,
and realized in IHP on 200 nm sili-Fig. 3) Schematic of a partially slotted ring resonator (Steglich et al. 2015a)
Fig. 2) Cross-sectional view of the quasi-TE mode and the corresponding time averaged power flow profile 
(Steglich et al. 2015c).
Fig. 1) Guided optical field in a SOI strip-waveguide (left) and in a slot-waveguide (right). The pictures below are 
showing the confined optical field (Steglich et al. 2015b).
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con-on-insulatorwafersusing248nm
DUVlithography.Becauseofthepoten-
tial of the ring resonator getting inte-
grated into IHP’sBiCMOSTechnology,
and, hence, to fabricating it together
with driver electronics and Trans Im-
pedanceAmplifiers (TIA), theongoing
developmentsregardingthepresented
ring resonator are following the IHP's
integrationconcept.
A scheme, the partially slotted ring
resonator, is depicted in figure 3. The
hybrid concept of the partially slot-
ted ring resonator takes advantage of
a strongly guiding strip waveguide
at thebentpartof thering,andofan
efficient slot-waveguideat the straight
partof the ring.Toexploit theadvan-
tagesofeachwaveguidetype,aneffi-
cientstrip-to-slotwaveguidetransition
isneeded.Thelengthofourstrip-load-
edslot-waveguideisl=12µm,andthe
length of the strip-to-slot mode-con-
verter is 8 µm. With the ring radius 
R = 20 µm, and the coupling length 
L=28µm, the totalcircumference re-
sultsinC=182µm.
Incontrasttoourpreviousworkpre-
sented in Steglich et al. (2015a), we
here use a slot-waveguide without
silicon strip-loads. The slot width is
s=60nm,and thesilicon railwidth
isw = 220nm. Both silicon rails are
locatedontopofa2µmburiedoxide
substrate.
A silicon dioxide top cladding is de-
posited,andatrenchetchedtoopen
theslot-waveguidestructure.Thisal-
lows for the functionalization of the
slotwithanorganicEOmaterial.Us-
ing EO polymers or organic crystals
as cladding material, the EO effect,
and, therefore, the device tunability
isexpectedtobesignificantlyhigher
compared to free-carrier plasmadis-
persion-basedphaseshifters.Further,
theslot-waveguidestructureprovides
ahighopticalandhighelectricalcon-
finement,which increasesEOeffects
evenmore (Steglichetal.2015c).As
cladding material, we spin-coated a
side-chain polymer system. The pol-
ymer system consists of PMMA and
the optical non-linear chromophore
Disperse Red 1 (DR1) (IUPAC Name:
Poly[(methyl methacrylate)-co-(Dis-
perse Red 1 acrylate)]). After
spin-coating, the photonic chip was
heated to 60°C in an oven for 5h in
ordertoremovethesolvent.Figure4
showsthefabricatedphotonicchip.
3.DeviceCharacterization
The transmission spectra of the fab-
ricated device were obtained by a
testing platform using a super-lumi-
nescent diode as light source. The
light was coupled into the silicon
waveguides through a fiber grating
coupler and out with another fiber
grating coupler. Figure 5 shows the
photonic chip layout andmagnifica-
tionsofthefibercouplergratingsand
ringresonators.WeusedonlyTE-po-
larized light. Figure6 shows theob-
served transmission spectrumof the
ringresonator.
The achieved Q-factor, which de-
scribes the sharpness of the trans-
missionpeaks, isabout5000.This is
more than three times smaller com-
pared to the ring resonator without
polymer cladding, which was pub-
lished in (Steglich et al. 2015a). This
canbeexplainedbytheabsorptionof
thepolymer,butalsobyfabricationim-
perfections.Thefullwidthathalfmax-
imumisFWHM=0.3146nm,andthe
freespectrumrangeisFSR=6.7nm.
4.Conclusion
In all, we described the design and
fabrication of a novel ring resonator
based on slot-waveguide structures
combined with strip-waveguide
Fig. 4) Photonic chip with over 100 nanophotonic 
components on an area of 6 mm².
Fig. 5) a) Layout of the photonic chip. b) Fibre grating coupler with marker to align the optical fibre. c) Magnifi-
cation of the fibre grating coupler. d) Ring resonator structure.
Fig. 6) a) Scanning-electron microscopic image of the top view of the fabricated ring resonator. b) Transmission 
spectra of a partially slotted ring resonator with EO polymer cladding.
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structures, and demonstrated, for
the first time, the transmission spec-
trumofthisringresonatorafterdep-
ositionofanelectro-opticalpolymer
as cladding material. We obtained
narrow transmission peaks with a
fullwidthathalfmaximumofabout 
FWHM = 0.3146 nm for a ring res-
onator fabricated on 200 nm sili-
con-on-insulator wafers using 248 nm
DUV lithography. This value can be
improved using advanced strip-to-
slot mode-converter design with
logarithmic tapers insteadof linearly
tapered mode-converters. Another
more challenging issue of the pro-
posedconceptistheimplementation
ofEOpolymersbecauseoftheirther-
malstability.Thiscircumstancehasto
beinvestigatedinmoredetailtofind
appropriateEOpolymersfortemper-
atures>150°C.However,ourresults
arepromising tobuildup futurena-
no-photonic devices with silicon-or-
ganichybridtechnology.Futurework
shouldfocusonopticallossreduction
oftheslot-waveguidetoimprovethe
Q-factoroftheringresonator.
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